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25 Specification 

1. Title of the Invention 

Gate Protection Circuit of MOS Transistor 

2. Scope of Claims of the Utility Model 

1. A gate protection circuit of a MOS transistor, comprising: 
30 a main MOS transistor, and 

a sub-MOS transistor having a floating gate structure, which is connected between a 
gate and a source of the main MOS transistor, 

wherein the threshold voltage of the sub-MOS transistor is set to be lower than the 
gate breakdown voltage of the main MOS transistor, and the sub-MOS transistor is used as a 
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5 protection element of the main MOS transistor. 

2. The gate protection circuit of the MOS transistor according to claim 1, wherein a 
gate and a drain of the sub-MOS transistor are connected to the gate of the main MOS 
transistor and a source of the sub-MOS transistor is connected to the source of the main MOS 

10 transistor. 

3. The gate protection circuit of the MOS transistor according to claim 1, wherein the 
sub-MOS transistor and the main MOS transistor are formed over a same semiconductor 
substrate. 

15 

3. Detailed Description of the Invention 

The present invention relates to a gate protection circuit of a MOS transistor (Metal 
Oxide Semiconductor Transistor, and hereinafter referred to as a MOST). 

FIG 1 shows a MOST. In FIG. 1, reference numeral 1 represents a one conductivity 

20 type semiconductor substrate such as an N-type silicon substrate. Reference numerals 2 and 
3 represent P-type source and drain regions formed over the substrate 1. A gate electrode 5 
is provided over a surface of the substrate 1 between the P-type source and the drain regions 2 
and 3 through a gate oxide film 4. Reference numerals 6 and 7 represent a source electrode 
and a drain electrode being in contact with the source and drain regions 2 and 3. 

25 In the MOST having the above structure, when the gate electrode 5 of the MOST is 

applied with high voltage, the gate oxide film 4 is subjected to insulation breakdown. In 
order to prevent the insulation breakdown of the gate oxide film 4, various methods have been 
invented. A conventional example using a zener diode as a protection element of the gate 
oxide film 4 and a MOST will be described below. 

30 The conventional example using the zener diode as a protection element is shown in 

FIG 2. In FIG. 2, reference numeral 8 represents a zener diode formed over the same 
substrate 1 as the MOST 9 of FIG. 1. The zener diode 8 is connected to the gate electrode 5 
and the source electrode 6 of the MOST 9. The zener voltage of this zener diode is set to be 
lower than the gate breakdown voltage of the MOST 9 and higher than the threshold voltage 
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5 of the MOST 9. Therefore, until the gate voltage impressed on the gate electrode 5 of the 
MOST 9 reaches a breakdown region of the gate oxide film 4, the zener diode 8 becomes a 
conductive state, and the gate voltage is bypassed through the zener diode 8 and grounded. 
Consequently, the gate oxide film 4 of the MOST 9 is not subjected to insulation breakdown. 

FIG 3 shows another conventional example using a MOST as a protection element. 

10 In FIG 3, reference numeral 10 represents a sub-MOST formed over the same substrate 1 as a 
main MOST 9. The thickness of the gate oxide film is controlled such that the threshold 
voltage of the sub-MOST 10 gets higher than that of the main MOST 9 and lower than the 
gate breakdown voltage. A gate electrode and a drain electrode of the sub-MOST 10 are 
connected to a gate electrode 5 of the main MOST 9 respectively and a source electrode of the 

15 sub-MOST 10 is connected to a source electrode 6 of the main MOST 9. Therefore, the 
sub-MOST 10 becomes electrically conductive to prevent gate insulation breakdown until the 
gate voltage reaches a gate breakdown voltage region as well as the case of the zener diode 8. 

However, in order to set the zener voltage of the zener diode 8 to be a desired value 
as mentioned above, it is necessary to control the impurity concentration of a PN junction of 

20 the zener diode 8 strictly and it is very difficult to set the zener voltage with good 
reproducibility. Further, in case of the sub-MOST 10, it is necessary to differentiate the 
thickness of the gate oxide film 4, which determines the threshold voltage of the sub-MOST 
10 and the main MOST 9. For this purpose, this conventional example has defects, for 
example, the number of steps is increased and a film thickness is difficult to be controlled 

25 accurately. 

The present invention is made in view of the above circumstances. The present 
invention will be described in detail below with reference to FIG 4. 

In FIG 4, reference numeral 9 is a main MOST including a semiconductor substrate 
1, a source region 2, a drain region 3, a gate oxide film 4, a gate electrode 5, a source 
30 electrode 6, a drain electrode 7, and the like. Reference numeral 20 is a sub-MOST formed 
over the same substrate 1 as the main MOST 9. The sub-MOST 20 has a floating gate 
structure. The sub-MOST 20 having the floating gate structure has a characteristic that the 
threshold voltage thereof is varied depending on the amount of charge injected in a floating 
gate 21. A gate electrode 22 and a drain electrode 23 of the sub-MOST 20 are connected to 
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5 the gate electrode 5 of the main MOST 9. A source electrode 24 of the sub-MOST 20 is 
connected to the source electrode 6 of the main MOST 9. An electric circuit diagram of the 
connected state between the main MOST 9 and the sub-MOST 20 is shown in FIG 5. 

The sub-MOST 20 having the floating gate structure will be described here. It is 
well known that when positive or negative charge is injected in the floating gate 21 of the 

10 sub-MOST 20, the threshold voltage thereof is shifted toward the positive or negative 
direction. For example, in case of a P-channel type, in an initial state, the sub-MOST 20 has 
the threshold voltage of -0.5 to -1.0 V, however, when the negative charge is injected in the 
floating gate 21, the threshold voltage thereof is shifted toward the positive direction, whereas 
when the positive charge is injected therein, the threshold voltage is shifted toward the 

15 negative direction. The moving amount of the threshold voltage is approximately 
proportional to the amount of charge injected in the floating gate 21. Therefore, by selecting 
the polarity and the amount of charge injected in the floating gate 21, the threshold voltage of 
the sub-MOST 20 can be accurately set within a range where it does not adversely affect the 
operation of the main MOST 9 so as to be higher than the threshold voltage of the main 

20 MOST 9 and lower than the gate breakdown voltage. As a result, before the gate electrode 5 
of the main MOST 9 is applied with the gate breakdown voltage, the sub-MOST 20 becomes 
a conductive state and the gate breakdown voltage is grounded, thereby making it possible to 
prevent insulation breakdown of the gate oxide film 4 of the main MOST 9. 

An embodiment of a gate protection circuit of the MOST of the present invention 

25 will be described below. 

First, the main MOST 9 is an N-channel MOST with a molybdenum gate. A gate 
insulating film 4 has a two layered structure of a silicon oxide film with a thickness of 500 A 
and a silicon nitride film with a thickness of 800 A. The threshold voltage of the gate 
insulating film 4 is -5 V and the gate breakdown voltage is about -20 V. On the other hand, 

30 the sub-MOST 20 is a P-channel MOST. A gate insulating film 25 includes a silicon oxide 
film with a thickness of 200 A and a silicon nitride film with a thickness of 800 A. A 
floating gate 21 made from molybdenum is formed between the silicon oxide film and the 
silicon nitride film. By the threshold voltage of the sub-MOST 20, each of the substrate 1, 
the drain region, and the source region of the sub-MOST 20 is grounded, the gate electrode 22 
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is applied with the voltage of 30 V, and positive charge is injected in the floating gate 21. 
The threshold voltage of the sub-MOST 20 is set to be -8 V. Therefore, an operation region 
of the main MOST 9 is in a range of -5 to -8 V. When the gate electrode 5 is applied with 
the gate voltage of more than -8 V, the sub-MOST 20 is operated to bypass the gate voltage. 

As apparent from the above description, the gate protection circuit of the MOST of 
the present invention uses the sub-MOST having the floating gate structure as a protection 
element for the main MOST, and therefore, the threshold voltage of the sub-MOST can be 
easily and accurately set to a desired value. Therefore, even when the main MOST is 
applied with the voltage of more than the gate breakdown voltage, the sub-MOST operates 
accurately and bypasses the gate breakdown voltage, making it possible to obtain a MOST 
circuit with higher reliability than the conventional circuit. 
4. Brief Description of the Drawings 

FIG 1 is a cross sectional view showing a MOS transistor; FIG 2 is an electric circuit 
diagram showing a conventional example using a zener diode as a protection element; FIG 3 
is an electric circuit diagram showing another conventional example using a MOS transistor; 
FIG 4 is a cross sectional view of a relevant part showing a structure of a circuit of the 
present invention; and FIG 5 is an electric circuit diagram thereof, wherein reference numeral 
1 represents a semiconductor substrate, reference numerals 2 and 3 represent source or drain 
regions, reference numerals 4 and 25 represent gate insulating films, reference numerals 5 and 
22 represent gate electrodes, reference numerals 6 and 24 represent source electrodes, 
reference numerals 7 and 23 represent drain electrodes, reference numeral 9 represents a main 
MOS transistor, reference numeral 20 represents a sub-MOS transistor, and reference numeral 
21 represents a floating gate. 

Applicant for the utility model 
SANYO Electric Co., Ltd. 
Representative Kaoru Iue 
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